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(100)ZnO-I || (001)MgO, [001]ZnO-I || [140]MgO, [011]ZnO-I || [110]MgO;
(100)ZnO-II||(001)MgO, [001]ZnO-II || [-140]MgO, [011]ZnO-II ||[-110]MgO;
(100)ZnO-Ⅲ||(001)MgO, [001]ZnO-Ⅲ||[-410]MgO,[01-1]ZnO-Ⅲ||[1-10]MgO;




























器件的研发。主要研究工作是，利用 PLD的薄膜制备技术在 O面 ZnO上制备
出 SrTiO3薄膜，并且通过原位的特点分析方法研究其界面及其薄膜的电子结构
























As there is an arising demand for high-technology products with multiple
functions, optoelectronics with top performance is highly desirable. And yet the most
fundamental physical study on the devices is based on the study of the
interfaces. Therefore, it is of great importance to study the geometrical and
electronic structure of all kinds of the new interfaces for the explorations and
fabrications of the devices. For such consideration, this work mainly focuses on the
study of oxide interfaces based on zinc oxide semiconductor. The key point is to
investigate the coupling between cubic phase and hexagonal phase. This is motivated
by the fact that, most optoelectronic materials, represented by the ZnO and GaN, and
their affiliated 2-dimensional materials are of hexagonal structure, while the
electronic materials based on the Si, ferromagnetism materials, superconductor and
the correlated systems based on the transition metal oxides, as well as high dielectric
materials such as SrTiO3 are of cubic phase. Therefore it is of great importance to
investigate the coupling between cubic and hexagonal structures, which hopefully
can provide some guidelines for the integration of these two classes of materials.
The first part of thesis work centers on the integration of hexagonal ZnO with
MgO(001) that has simply rock-salt cubic structure, prepared by the molecular beam
epitaxy method. The data from the AFM, RHEED and XRD demonstrated that the
growth directions of the films are tailored by the growth conditions. The growth
directions will change from [001] to [100] azimuth with increasing growth
temperature. The molecular dynamics calculation results reveal that the interface
energy for the polar plane growth is higher than that for the nonpolar growth. When
the growth temperatures become higher, the transition of the growth directions is
similar to the case in which the interfacial structure transforms from metastable to
stable. Besides, according to the analysis from the RHEED, XRD-pole figure and
HRTEM, we obtain the interfacial relationship for the polar plane films (with double















While for the nonpolar films, the relationship follows:
(100)ZnO-I || (001)MgO, [001]ZnO-I || [140]MgO, [011]ZnO-I || [110]MgO;
(100)ZnO-II || (001)MgO, [001]ZnO-II || [-140]MgO, [011]ZnO-II || [-110]MgO;
(100)ZnO-Ⅲ || (001)MgO, [001]ZnO-Ⅲ || [-410]MgO, [01-1]ZnO-Ⅲ || [1-10]MgO;
(100)ZnO-Ⅳ|| (001)MgO, [001]ZnO-Ⅳ|| [410]MgO, [011]ZnO-Ⅳ|| [1-10]MgO.
For the nonpolar ZnO films, no such double domain feature is observed:
(100)[001]ZnO//(001)[100]MgO or (100)[001]ZnO//(001)<110>MgO
This result is consistent with the molecular dynamic calculations, which indicates
that the interfacial energy of the two interfaces above is higher than our experiment
observation. It is also found that, the growth direction mutates from [001] to [100]
azimuth with the film thickness increases. Besides, the HRTEM images show that
both polar and nonpolar interfacial coupling is due to semi-coherent mismatch.
There are several different features between polar and nonpolar interface. For
example, for the non-polar interface, there exists a cubic ZnxMg1-xO buffer structure
that is about 5-6 atomic layer, which is absent in the polar interface. Furthermore, the
XAFS technique is used to study the evolution of the ZnO films from low
temperature to higher temperature growth, which reveals that the lower temperature
growth leads to the smaller coordination number with poorer optical properties as
shown by CL spectra. This can be attributed to the amorphous boundary and the
locally elongated lattices during the lower temperature growth films, which results in
the change of band structure.
The second part of the thesis work focuses on the interface between
semiconductor ZnO and high dielectric SrTiO3, which are bases of “active device”
and “passive device”, respectively. The integration of ZnO and SrTiO3 will thus be
helpful for the fabrication of next generation of optoelectronics featuring thinner and
lighter characteristics. The SrTiO3 films were deposited on the O-ZnO plane
substrate by the PLD method. The evolution of electronic structures from substrate
to film is characterized by the in-situ photoemission and absorption techniques. Both













vdisappears beyond the film thicknesses of 6nm. The Ti3+ states are suggested to
result from the coupling between the film and substrate instead of the O vacancy.
Besides, the XAS demonstrates indirectly that the excess electrons transfer to the
Ti-t2g states at the conduction bands. The UPS results from the sample grown at the
substrate temperature of 600℃ show that both valence bands from STO films and
ZnO substrates are continuous and bending upwardly, which is further confirmed by
the I-V characteristic. These results are different from the features of the ZnO films
or nanostructures deposited on the SrTiO3 substrates with heavy doping.
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研究关键在于界面的研究，这正如 Herbert Kroemer 在他的诺贝尔演讲中所说到













材料，也是很多材料制备的良好基底[8-12], 同时也是 ZnO 高压相结构，并且可以
制备成 ZnxMg1-xO 混晶结构[13-16]，在可见光到深紫外光之间带隙可调。所以选择 ZnO
和 MgO 作为六方结构与四方相的耦合具有很好的代表意义。另一方面，SrTiO3
（STO）作为当今最热门的强关联材料之一，在超导，二维电子气，磁性材料方
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